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I. INTRODUCTION 

I s o l a t i o n  of bacteria from s o i l s  exposed t o  s e v e r e  environ-  

ments have cont inued.  Arrangements have been made w i t h  D r .  

Emanuel Rudolph, I n s t i t u t e  of Polar S t u d i e s ,  Ohio State  Un ive r s i ty  

t o  provide  l i c h e n  and s o i l  samples f r o m  A n t a r c t i c a  and  w i t h  

D r .  W i l l i a m  Boyd, Depar tmen t  of Microbiology, O h i o  State 

U n i v e r s i t y  t o  provide pure c u l t u r e s  of bacteria and s o i l  samples 

ob ta ined  from h i s  r e c e n t  f i e l d  t r i p  t o  the A r c t i c .  

ous bacter ia l  popu la t ions  i n  s o i l s  from Rocky Mountain Nat ional  

Park (Colorado) and the White Sands Nat ional  Monument (New 

Mexico) have been counted. F a c u l t a t i v e a n a e r o b i c  bacteria iso- 

la ted  f r o m  these s o i l s  i n  a d d i t i o n  t o f a c u l t a t i v e  anaerobes pre- 

v i o u s l y  isolated f r o m  C a l i f o r n i a  desert s o i l s  are be ing  s t u d i e d  

f o r  their  a b i l i t y  t o  s u r v i v e  the s imula ted  Mart ian environment. 

The indigen-  
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Twenty-nine f a c u l t a t i v e  anaerobes isolated f r o m  the C a l i f o r n i a  

desert s o i l s ,  have been  screened f o r  s u r v i v a l  i n  the s imula t ed  

Mart ian environment, R e s u l t s  on the s u r v i v a l  of 1 7  of these 

i so l a t e s  are presented  i n  th i s  report. W i t h  f e w  exceptions the 

organisms have surv ived  the i n i t i a l  28-day exposure pe r iod .  

The majori ty  of these b a c t e r i a  are Gram-positive, s p o r u l a t i n g  

bac i l l i .  

One of these isolates,  a n  organism f r o m  C a l i f o r n i a  desert 

so i l  N o ,  68, i d e n t i f i e d  as  B a c i l l u s  c e r e u s  va r .  mvcoides, i s  being 

s t u d i e d  fo r  s u r v i v a l  i n  the s imulated Mart ian environment fo r  

prolonged exposure pe r iods .  Anaerobic and aerobic p l a t e  counts  

w e r e  made t o  determine any  change i n  the microorganism's  oxygen 

requirement  r e s u l t i n g  from exposure t o  the s imula ted  Mar t ian  

environment. A t  t h i s  t i m e  no s i g n i f i c a n t  d i f f e r e n c e  has been 

noted. The anae rob ic  coun t s  a r e  s l i g h t l y  higher t h a n  the 

aerobic 

the exposure pe r iod  i s  extended. 

cells, recovered as t o t a l  and spore counts ,  r e s p e c t i v e l y ,  have 

su rv ived  56 days.  

counts ,  b u t  b o t h  are dec reas ing  i n  a s i m i l a r  manner as 

However ,  64 and 70% of the 

S u r v i v a l  of B. s u b t i l i s  var.  q lob iq i i  as a f u n c t i o n  o f  mois ture  

i s  p r e s e n t l y  b e i n g  examined. B. s u b t i l i s  i n o c u l a t e d  i n t o  M a r t i a n  

s o i l ,  c o n t a i n i n g  1% o r g a n i c  medium, and vary ing  c o n c e n t r a t i o n s  

of moi s tu re  have been exposed t o  the s imula ted  Mar t ian  environ-  

m e n t .  A f t e r  1 4  days, the percent  s ~ r v i * ~ ~ a l  of bet5 v e g e t a t i v e  

: o i l s  con ta in ing  the higher and spore cel ls  w a s  h i g h e r  i n  the 

c o n c e n t r a t i o n s  of mois ture .  
I I T  R E S E A R C H  
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Experiments t o  i s o l a t e  the funga l .  component from l i c h e n s  

have been  i n i t i a t e d .  Apothecia germinat ion,  myce l i a l  growth, 

and pigment product ion  of the funga l  component, w h i l e  exposed 

t o  the s imula ted  M a r t i a n  environment are be ing  s t u d i e d .  

11. EXPERIMENTAL PROCEDURES 

The s imula ted  Mart ian atmosphere described i n  Report 3194-5 

w a s  used. The methods of growing, h a r v e s t i n g ,  i n o c u l a t i n g ,  

and s a m p l i n g  the Mars t u b e s  and the t y p e s  of media used w e r e  

d e s c r i b e d  i n  Reports 3194-2, -3, -4,  -7, and -10. 

The method for  o b t a i n i n g  va r ious  c o n c e n t r a t i o n s  of moi s tu re  

i n  the Mars t u b e s  w a s  by d i l u t i n g  the c u l t u r e  used f o r  inoculum. 

The s t a n d a r d  inoculum is 10 B y  appro- 

pr ia te  d i l u t i o n  the same number of bacteriawas con ta ined  i n  

0.05, 0.1 and 0.5 m l  of water. 

6 t o  l o 8  c e l l s / O . O l  m l .  

111. RESULTS AND DISCUSSION 

Tables 1 and 2 g i v e  bacterial counts  on  trypticase soy aga r  

of s o i l  samples c o l l e c t e d  from tundra ,  and desert environments, 

r e s p e c t i v e l y .  Genera l ly ,  the numbers of  bacteria w e r e  higher 

i n  the t u n d r a  t h a n  d e s e r t  s o i l  samples. A l l  samples w e r e  

collected f r o m  the top  1 2  inches  which u s u a l l y  conta ' in  the great- 

est numbers of bacteria. The anaerobic  bacteria f r o m  both t u n d r a  

and desert s o i l s  w e r e  m o r e  frecruectly s p m u l a t i q  bac i l l i .  A 

greater number of cocci w a s  i solated from the desert t h a n  

t u n d r a  s o i l s  whereas a greater number and v a r i e t y  of pigmented 
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Sample 

Table 1 

BACTERIAL COUNTS OF TUNDRA SOILS* 

Number of Bacteria/q 
Aerobic Anaerobic 

Total Smre Total 
No: Locat ion** Count Count Count 

1 Iceberg lake area 106 x l o 2  20 x l o 2  13 x l o 2  
alt. 12,200 ft 
volcanic soil 

2 Similar to sample 14 x lo4 22  x l o 3  15 x lo3 

3 Trailridge road 152 x l o4  66 x l o 2  71 x l o 2  
No. 1 

area alt. 12,000 
ft. 

4 Niwot Mt. Colorado 23 x lo5 49 x lo4 45 x lo4 
alt. 12,000 ft 
Uni. of Colorado 
Alpine and Artic 
Research Institute 

Spore 
Count 

7 x 10 2 

1 2  l o 3  

50 x lo2 

90 x l o 2  

*Soils collected at Rocky Mountain National Park, Colorado. 
**All samples were surface so i l s  with the top 1 inch of s o i l  
removed. 
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Table 2 

BACTERIAL COUNTS OF DESERT SOILS* 

N u m b e r  of Bacteria/q 
Aerobic Anaerobic 

Sample Total Spore Total Spore 
No. Location** Count 

4 1 Nonvegetative 27 x 10 
area 
1 i n .  below 
surface 

4 2 Same as N o ,  1, 4 1  x 10 
10 i n .  below 
surf ace 

3 3 Vegetative 145 x 10 
area 
1 i n .  below 
surface 

4 Same as  No.  3,  23 l o 3  
1 2  i n .  below 
surf ace 

Count Count Count 

63 x 10 2 x 10 2 x 10 

112 x LO2 4 x 10 6 x 10 

81 x 10 92 x 10 38 x 10 

27 x lo2 28 x 10 16 x 10 

*Soils collected a t  White Sands National Monument, New Mexico. 
* * M i  samples were coiiected from posit ion 8 ,  i m i i e  w e s t  or' 

road. 
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b a c t e r i a l  t y p e s  w e r e  i s o l a t e d  from the tundra  s o i l s .  The 

predominating b a c t e r i a l  type ,  i s o l a t e d  from both tundra  and 

desert s o i l s ,  w e r e  Gram-positive, s p o r u l a t i n g  bac i l l i .  S ince  

the s o i l  of the White Sands National Monument i s  approximately 

99% calcium s u l f a t e  s e v e r a l  concent ra t ions  of s te r i le  calcium 

s u l f a t e  w e r e  added t o  t r y p t i c a s e  soy agar .  The a d d i t i o n  of 

calcium s u l f a t e  had no e f f e c t  on maximal recovery of b a c t e r i a  

from these s o i l  samples. 

Table 3 shows the number o f f a c u l t a t i v e  anaerobic  b a c t e r i a  

i s o l a t e d  from three d i f f e r e n t  reg ions :  C a l i f o r n i a  and New 

Mexicodeser t s  and Colorado tundra reg ion .  Seve ra l  c r i t e r i a  

w e r e  used t o  f a c i l i t a t e  s t u d i e s  w i t h  the l a r g e  numbers of 

i s o l a t e s  from these s o i l s .  I n i t i a l l y ,  c o l o n i a l  morphology on 

I t ryp t i case  soy agar  w a s  descr ibed and a Gram s t a i n  was made. 

The i s o l a t e s  w e r e  t h e n  grouped according t o  their  oxygen r equ i r e -  

ment and t h e f a c u l t a t i v e a n a e r o b i c  organisms w e r e  t e s t e d  f o r  

l e c i t h i n a s e  product ion.  Gram-positive b a c i l l i  w e r e  the pre- 

dominating b a c t e r i a  i s o l a t e d  from a l l  s o i l s .  

R e s u l t s  from experiments w i t h  1 7  c u l t u r e s ,  i s o l a t e d  from 

C a l i f o r n i a  d e s e r t  s o i l s ,  f o r  s u r v i v a l  i n  t h e  s imulated Mart ian 

environment f o r  2 8  days a r e  presented i n  Table 4 .  With two 

except ions ,  c u l t u r e s  2 1  and 63, z11 c u l t u r e s  surv ived .  
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Table 3 

ISOLATES OBTAINED FROM SOIL SAMPLES 

Number of 
Number of Number of Facultative Number of 

soil Samples Isolates Anaerobes Lecithinase P o s .  Source 

79 253 08 California 5 

Colorado 4 17 15 11 

4 0  32 17 New Mexico 4 
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C u l t u r e  
N o .  

1 
1 3  

1 4  
2 1  

40 

47 

51  

63 

69 

70 
75 

100 

101 
102 

105 

107 

108 

T a b l e  4 

SURVIVAL AFTER 2 8  DAYS I N  THE MARTIAN ENVIRONMENT OF 
MICROORGANISMS ISOLATED FROM CALIFORNIA DESERT S O I L S  

Source** 

51 

51 
51 
62 

68 

68 

68 
70 

7 0  

70 
70 

76 

76 

76 

76 

76 

76 

O r q a n i s m  

B a c i l l u s  

B a c i l l u s  

B a c i l l u s  

B a c i l l u s  

B a c i l l u s  

B a c i l l u s  

coccus 
B a c i l l u s  

B a c i l l u s  

B a c i  1 l u s  
B a c i l l u s  

B a c i l l u s  

B a c i l l u s  

B a c i l l u s  

B a c i l l u s  

B a c i  1 l u s  
B a c i l l u s  

N u m b e r  of B a c t e r i a / q *  
0 D a v  2 8  D a v s  

T o t a l  Spore Total  Spore 
C o u n t  C o u n t  C o u n t  C o u n t  

108 l o 3  50 l o 4  30 l o 4  1 5  l o 4  
22  l o 4  2 2  l o 4  54 l o 4  20 l o 4  
2 2  l o 5  1 4  l o 5  33 lo5  38 l o 4  

l o 3  l o 3  l o 3  103 
80  l o 4  50 l o 4  106 l o 4  36 l o 4  
68 x l o 5  35 x l o 5  56 x 10 19  l o 5  

1 4 1  l o 5  106 l o 5  
43 l o 3  l o 3  l o 3  103 
46 l o 5  2 1  l o 4  33 l o 4  25 l o 4  
24 l o 5  37 l o 4  43 l o4  29 lo4 
69 l o 5  37 l o 5  77 l o 5  30 l o 5  
35 l o 4  18 l o 4  36 l o 4  30 l o 4  
93 l o 5  78 l o 5  108 l o 5  118 l o 5  
78 l o 5  47 l o 5  62 l o 5  53 l o 5  
86 x io’ 28 x io i i  x i o 5  27 x i0 5 
32 l o 3  60 l o 3  19  l o 3  59 l o 3  
95 l o 4  29 l o 4  77 l o 4  36 l o 4  

* 
D e s e r t  s o i l  No. 62 w a s  used  as the substrate i n  the sc reen ing  
experiments. 

Laboratories, C a l i f o r n i a  I n s t i t u t e  of Technology. 
50 - Sand 
62 - Sandy Loam 
68 - Clay 
70 - Sand 
76 - Sand 

* * D e s e r t  s o i l s  supplied by D r .  R. E. C a m e r o n  of Jet  Propuls ion  
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S u r v i v a l  

i s o l a t e d  f r  

i n  the s imula ted  Martian environment of a n  o rgan i sm 

Im A C a l i f o r n i a  di-sert s o i l  ( N o .  68) i s  i l l u s t r a t e d  

i n  F igure  1. The organism has been i d e n t i f i e d  as  B. c e r e u s  

v a r  mycoides. 

from the Earth c o n t r o l  group were recovered as t o t a l  and spore 

coun t s  r e s p e c t i v e l y ,  w h i l e  64 and 70% of the cells from the 

Mart ian experimental  group w e r e  recovered a s  t o t a l  and spore 

coun t s  r e s p e c t i v e l y .  Except for  a f l u c u a t i o n  i n  numbers of 

bacteria a f te r  7 days exposure there w a s  no s i g n i f i c a n t  d i f f e r -  

ence i n  s u r v i v a b i l i t y  between the c o n t r o l  and exper imenta l  

groups.  B. s u b t i l i s  var alobiaii  i s  p r e s e n t l y  be ing  s t u d i e d  

f o r  s u r v i v a l  i n  a s imula ted  Martian environment modified by the 

i n c o r p o r a t i o n  of 1% o r g a n i c  medium and vary ing  c o n c e n t r a t i o n s  of  

mois ture .  Figure 2 i l l u s t r a t e s  the e f f e c t  on s u r v i v a l  by in -  

c r e a s i n g  the s o i l  mo i s tu re  from 1% t o  2%. Bacterial  counts  

are shown i n  Table 5. The 2% mois ture  does n o t  appear t o  have 

i n f l u e n c e d  the s u r v i v a l  of t h e  bacteria. There is a n  i n d i c a t i o n ,  

bu t  not  s u f f i c i e n t  d a t a ,  tha t  the i n c r e a s e  i n  t o t a l  count  f o r  

the Earth Cont ro l  r e p r e s e n t s  growth. 

A f t e r  a 56-day exposure,  56 and  83% of the cells 

F igure  3 and Table 6 demonstrates the e f f e c t  of h i g h e r  

moi s tu re  levels on the s u r v i v a l  of B. s u b t i l i s .  It has been  

e s t a b l i s h e d  that  mois ture  concen t r a t ions  of 4.90 and 21.7% had 

an  e f f e c t  on  the s u r v i v a l  of  t h i s  microorganism, E s s e n t i a l l y  

greater numbers of b a c t e r i a  survived the flushing and inocula- 

t i n g  procedures  i n  the t u b e s  con ta in ing  the higher s o i l  m o i s -  

t u r e s .  There appears t o  be a r e l a t i o n s h i p  between the s o i l  mois ture  
I I T  R E S E A R C H  I N S T I T U T E  
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Fig. 2 

a 
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The E f f e c t  of Two Percent  k o i s t u r e  on t h e  
S u r v i v a l  of B a c i l l u s  S u b t i l i s  var. G l o b i a i i  

i n  t h e  Simulated L a r t i a n  Environment 

Ear th  T o t a l  Count 

o----o Ear th  Spore Count 

‘&-A k a r t i a n  T o t a l  Count 

&----A h a r t i a n  Spore Count 

0 1  7 1 4  

days 

28 
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T a b l e  5 

I f 

I 
I 
t 
8 
I 

I 

THE EFFECT O F  TWO PERCENT MOISTURE ON THE SURVIVAL 
OF BACILLUS SUBTILIS VAR. GLOBIGII  I N  THE SIMULATED 

MARTIAN ENVIRONMENT 

N u m b e r  of Bacteria x 10 
E a r t h  C o n t r o l  M a r t i a n  E x p e r i m e n t a l  . 

D a y s  T o t a l  Spore T o t a l  Spore 
E x p o s u r e  Coun t**  Coun t**  Coun t**  Coun t**  

0 37 26 26 22 

1 33 35 24 25 

7 34 26 18 19 

14 33 33 16 14 

20 51 45 16 15 

* I n o c u l u m / T u b e :  T o t a l  count 65 x 10’ 
Spore count  37 x 106 
% Spores 56.9 

* * C o u n t s  represent three samples plated i n  quadruplicate.  
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F i g .  3 

The Effect  of Varying Concentratidns of  
hoisture on the Survival of Baci l lus  

S u b t i l i s  var Globiqii i n  the  
Simulated hartian Environment 

@-0 0.25% hoisture 

o-- ---a 0.25% koisture 

A-A 4.9% Noisture 

A.-----A 4.9% hoisture 

a-a 21.7% Moisture 

Q---.--.Q 21.7% Mds, ture 

Total Count 

Spore Count 

Total Count 

Spore Count 

Total Count 

Spore Count 

0 1  7 14 

Days 

‘ 13 



Table 6 

THE EFFECT O F  VARIOUS MOISTURE CONCENTRATIONS ON THE 
SURVIVAL O F  BACILLUS S U B T I L I S  VAR. G L O B I G I I  I N  

THE SIMULATED MARTIAN ENVIRONMENT 

N u m b e r  of B a c t e r i a  x 10  

0.25% 4.90% 21.7% 
D a y s  T o t a l  Spore T o t a l  Spore To ta l  Spore 

E x p o s u r e  Count**Count**Count**Count**Count**Count** -- 
0 3 1.9 41 7.1 72 5.8 

1 5.1 2.4 33 3.6 63 9.8 

7 3.4 1.6 7.5 5.1 22 12.1 

14 5.3 1.7 8.2 6.8 17 12.8 

0.25% 4.9% 21.7% *Inoculum/tube: 

Total  C o u n t  92 x lo6 58 x lo6 80 x lo6 
Spore C o u n t  51 x lo5 66 x l o 5  66 x lo5 
% Spores 5.6 1 1 . 4  8.3 

* * C o u n t s  represent three samples plated i n  quadruplicate.  
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c o n t e n t  and the h i g h  i n i t i a l  death rates as  shown by the t o t a l  

count  c u r v e s ,  The t o t a l  number of s p o r e s  and the r a t e  of 

i n c r e a s e  i n  the spore counts  a r e  a f u n c t i o n  of s o i l  mois ture .  

These s t u d i e s  are con t inu ing  and t h i s  p o i n t  w i l l  be f u r t h e r  

. s u b s t a n t i a t e d  i n  subsequent experiments.  

S t u d i e s  w i t h  l i c h e n s  have been i n i t i a t e d  t o  de te rmine  the 

a b i l i t y  of l i c h e n i z e d  fung i  t o  s u r v i v e  i n  the Mar t ian  atmosphere. 

P re l imina ry  attempts t o  i so la te  the funga l  d e r i v a t i v e  from the 

l i c h e n  have produced encouraging r e s u l t s .  Germination, w i t h  

moderate mycelial growth, from polyspore c u l t u r e s  of ascospores 

f r o m  l i c h e n  apothecia have occurred i n  the s imula t ed  Mar t ian  

atmosphere. This is  of i n t e r e s t  s i n c e  fungi  have not  been 

commonly observed t o  grow i n  anaerobic  environments.  S i m i l a r  

r e s u l t s ,  i.e., growth i n  s imulated Mart ian environment, have 

been ob ta ined  w i t h  c u l t u r e s  of i s id i a ,  or marginal  p o r t i o n s  of 

: l i c h e n  t h a l l u s .  Subcu l tu re s  of l i c h e n  fung i  appeared to.-grow 

more v igo rous ly  i n  the s imulated M a r t i a n  atmosphere t h a n  sub- 
.. . 

c u l t u r e s  i n  Earth atmosphere. Some pigment product ion  has 

a lso occurred  i n  l i c h e n i z e d  fungi grown i n  the s imula t ed  N a r t i a n  

environment . 

I I T  R E S E A R C H  I N S T I T U T E  
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IV. SUMMARY 

Bacterial counts are given for soil samples collected at Rocky 

Mountain National Park, (Colorado) and White Sand National 

Monument (New Mexico). 

Facultative, lecithinase positive microorganisms, the majority 

of which are Gram-positive sporulating bacilli, have been iso- 

lated from a variety of desert and tundra soil samples. 

few exceptions these bacteria are able to survive the simulated' 

Martian environment. 

With 

Incorporation of different concentrations of moisture to the 

unusually dry simulated Martian soil (modified by adding 1% 

organic medium) increased the number of B. subtilis var slobisii 

surviving the inoculating and flushing procedures. 

effect of moisture on survival and growth of this organism in 

the simulated Martian environment is presently under study. 

The overall 

Fungal components of lichen species have been isolated and are 

able to survive the Martian atmosphere. Apothecia germination, 

with mycelial growth has also occurred in the simulated Martian 

environment. Pigmentation of fungal component while in the 

Martian atmosphere has been noticed. 

I I T  R E S E A R C H  I N S T I T U T E  
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v. FUTURE WORK 

The future program will include: 

1. Survival, adaptation, and growth studies of micro- 

organisms. 

2. Survival, adaptation, and growth studies of plants 

3 .  Biochemical studies relating to growth of micro- 

organisms and plants 

s 4 .  Physical studies in support of the growth experiments. 

The survival of a variety of bacteria in the simulated 

Martian environment has been demonstrated. The determination of 

what change(s) in the simulated Martian envimnment will enable 

the bacteria to grow must now be established. A critical 

,examination of the function of moisture on the growth of 

selected strains of bacteria w i l l  be conducted using constant 

and diurnal temperatures of varying durations, the growth 

cf the bacteria will be ncted in scils c c n t a i n i n g  d i f f e r e n t  

concentrations of moisture. 

methods for accurately determining small amounts of moisture 

will, necessarily, be developed. 

Supportive physical methods e.g., 

The studies with plants will be similar in nature to those 

described for bacteria: establishment of the minimal environment 

required by selected plants for survival and growth. 

I I T  R E S E A R C H  I N S T I T U T E  
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Current  s t u d i e s  w i t h  lichens w i l l  be cont inued.  G r o w t h  of the 

funga l  component i n  the anaerobic  s imula ted  Mart ian atmosphere 

i s  of c h i e f  in te res t .  The i n d i c e s  of funga l  growth w i l l  

i n c l u d e  apothecia germinat ion,  myce l i a l  growth, and  pigment pro- 

duc t ion .  

A d e t a i l e d  d i s c u s s i o n  of t h e s e  proposed s t u d i e s  w a s  p re sen ted  

i n  I I T R I  Proposal No. 64-91L, dated October 18, 1963. 

V I .  RECORDS AND PERSONNEL 

The exper imenta l  d a t a  are recorded i n  Logbooks (213783, 

C13795, and C14081. 

Technica l  a s s i s t a n c e  w a s  given by M r .  John Rush and M i s s  

Charlene Berger. 

Respec t fu l ly  submit ted,  

I I T  RESEARCH INSTITUTE 
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November 27, 1963 

Office of Grants and Research 

Office of Space Sciences 
National Aeronautics and Space 

Washington 25, D. C. 

Contracts 

Administration 

Attention8 SC 

Gentlemen: 

An error resulted in Report No. IITRI-3194-11 from 
using nonphotosensitive ink to mark 'Iless than" 
symbols. 

Errata: Table 4, p. 8 

The total and spore counts or culture No. 21 at 0 
and 28 days should read <lo5 instead of lo3. The 
total and spore counts f o r  u i t u r e  ii'e. 6 3  5% 0 a d  
28 days should read 43 X 10 '-- , <lo3, and (10 
of 43 X 103, lo3, and lo3. 

instead 

Very truly yours, 

Charles Hagen 
Associate Bacteriologist 
Life Sciences Research 
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